Humans have exceptionally long lifespans compared with other mammals. However, our longevity evolved when our ancestors had two copies of the apolipoprotein E (APOE) e4 allele, a genotype that leads to a high risk of Alzheimer's disease (AD), cardiovascular disease, and increased mortality. How did human aging evolve within this genetic constraint? Drawing from neuroscience, anthropology, and brain-imaging research, we propose the hypothesis that the evolution of increased physical activity approximately 2 million years ago served to reduce the amyloid plaque and vascular burden of APOE e4, relaxing genetic constraints on aging. This multidisciplinary approach links human evolution with health and provides a complementary perspective on aging and neurodegenerative disease that may help identify key mechanisms and targets for intervention.
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The human lifespan from an evolutionary perspective Humans live longer than any other primate, and are unique in having a prolonged postreproductive lifespan [1] [2] [3] [4] . In humans living more traditional lifestyles (e.g., hunter-gatherers), despite having a life expectancy of under 40 (driven mainly by high infant and juvenile mortality), the average modal adult life span is approximately 72 years of age (with a range of 68-78; [5] ). By comparison, our closest living relatives, chimpanzees, have a modal lifespan of 15 years and a life expectancy of approximately 30 years of age if they survive until puberty [6] . Most hypotheses for the evolution of human longevity (e.g., the 'Grandmother hypothesis') are centered on the ability of postreproductive individuals (grandparents) to aid their offspring and their offspring's children, thereby improving their own reproductive success [2] [3] [4] 7] (Box 1). In all cases, to contribute substantially to the well being and survival of younger kin, the evolution of the long human lifespan likely required older individuals to maintain high levels of both physical and cognitive health.
Although many hypotheses address why human longevity evolved (e.g., [2] [3] [4] ), how the long human lifespan evolved remains an open question. In a series of classic articles, Finch, Sapolsky, and Stanford [1, [8] [9] [10] argued that the evolutionary origins of the long human lifespan are tied to the interaction between diet and genotype. Specifically, carriers of the e4 allele of the APOE gene (responsible for lipid transport) have higher levels of total cholesterol and accumulation of atherosclerotic plaques in arteries, leading to increased risks of cardiovascular disease and stroke, as well as dementia and AD [11] . The APOE e2 and e3 alleles confer reduced risks of these diseases of aging relative to the e4 allele, and are relatively recent additions to the human genome, with the e3 and e2 allele clade having evolved by 200 000 years ago [11] . Today, prevalence of these alleles varies around the world, but in most populations, e3 is found in the highest frequency (mean = 78.3%; range: 8.5-98.0%), followed by e4 (mean = 14.5%; range: 0-49.0%), and e2 (mean = 6.4%; range: 0-37.5%) [12] . Finch and colleagues argue that humans' exceptionally long lifespans are a product, in part, of the evolution of the e3 allele, especially because diets shifted to include more meat and increased dietary fat and cholesterol later during our evolutionary history [10] .
However, evidence suggests that increases in the human lifespan began as early as 1.8 million years ago [13] , when our ancestors were likely homozygous for APOE e4. To understand how the long human lifespan evolved within this constraint, it is important to view lifespan evolution within the context of aging outcomes that we see in living humans. Variation in human aging today is often expressed as a continuum that ranges from successful aging, having a long lifespan with high levels of cognitive and physical function, to pathological aging with impaired cognition and diminished physical capacities that can lead to dementia and relatively increased mortality [14, 15] . If longevity evolved in humans to, in part, allow grandparents to aid offspring in raising grandchildren, then we must understand how our ancestors aged successfully despite being homozygous for APOE e4. Recent studies suggest that lifestyle factors, specifically aerobic exercise, can have a positive impact on the aging brain, as well as physical longevity, especially in carriers of the e4 allele [16] [17] [18] . Here, we argue that aerobic physical activity had an important role in the
